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Thermosonde and UHF Radar Measurements of cﬁ
at Westford, Massachusettes- July 1981

I. INTRODUCTION

In July 1981 over 30 specialized AFGL radiosondes were launched from the
Millstone Hill radar facility in Westford, Massachusetts. 1 The purpose was to
provide turbulence data to determine the statistics of refractive index fluctuations

and their influence on optical propagation degradation. The published data and

AT models are insufficient to predict the role of turbulence and the extent turbulence
LS

S degrades the performance of new communications, guidance and navigation systems.
o

The particular objectives of these experiments were: (1) to expand the limited data

‘) . base; (2) to compare the altitude profiles of Ci from measurements by thermosonde,
~.

“;-.' radar, aircraft, and stellar scintillometer; (3) to estimate an average Ci profile

:.‘} for day and night conditions; and (4) to estimate coherence scales based on the
'\'-' thermosonde measurements.

LS
\‘

Ll -

S0 {Received for publication 22 February 1984)

) ?':' . 1. Brown, J. ., Good, R.E., Bench, P.M., and Faucher, G.E. (1982) Sonde

. Experiments for Comparative Measurements of Optical Turbulence,

AFGL-TR-82-0079, AD A118740.
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2. PROGRAM DESCRIPTION

Coordinated experiments were conducted near the Havstuack ubservatory at
Milistone Hill, Westford, DMassachusetts from 10 February 1981 until 8 August 1981, !
Turbulence was measured by AFGL modified radiosondes and thermosondes, the
Northeast Radio Observatory Corporation (NEROC) 440 MHz UHYE scatter radar,
an AFWL stellar scintillometer, and a contractor instrumented aircraft. Per-
sonnel from the Northeast Radio Observatory Corporation operated the radar. The
aircraft mount-d micro-thermal probe measurements were provided by Airborne
Research Associates, Bedford, Massachusetts. AFGL personnel launched the
radiosonde/thermosonde combination and conducted the scintillometer measurements.

The plan was to operate all instruments simultaneously but this was not possible.
Personnel, scheduling, and weather conflicts, to a great extent, dictated when each
instrument was availuble. Consequently, experiments were conducted with two or
three of the instruments: thermosondes and radar; radar and scintillometer;

thermosondes, radar, and aircraft.

3. THEORY

3.1 Thermosonde

The AFGL thermosondel is an ac wheatstone bridge that measures small resis-
tance differences between two unheated tungsten wires exposed to the ambient
atmosphere. A 2-m weather balloon carries the instrument to altitudes up to 30 km,
and the downlink transmission is facilitated by a modified VIZ Corp. radiosonde.

The probe wires are separated horizontally by 1 m and the difference in resistance

is translated to a difference in temperature by laboratory calibration and measure-
ments of the temperature coefficient of resistance o of the tungsten probes. Specific-
ally, Rp = l{o + o Ro (T - TO). where a is evaluated at tzemperature T = 0°C. The
inertial range refractive index structure parameter, Cn is calculated® from the

expression:

2
2 - -6 P(z) 2
7 (z) = 79.9 ~ 1C g C.o(z)
n [ T (2) T
where P(z) is pressure in mbar and z is altitude. (‘.21, is the temperature structure
parameter, and it is evaluated from the mean square temperature fluctuation as

provided by the thermosonde. Pressure, temperature, humidity, and (':T are

2. Tatarski, V.[. (1961) Wuve Propagation in a Turbulent Medium, McGraw-Hill Co.,

New York.
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~ampled by the radiosonde and transmitted once every 2 sec or about every 10 m

altitude,  \ltitude could be obtuined independently from the tracking data. .
AN

3.2 Radar

The Millstone Hill $30-MHz radar was operated by Northeuast Rudio Observatory

. 3 - . . 2 . .
Corporation personnel to measure coatinuous altitude profiles of ¢ n Fluctuations

in the atmospheric index of refraction arising from gradients in temperature and

humidity generated by turbulence were the source of signal returns from the sensi- <

tive UHE radar.  Turbulence is evaluated from the wind shifted Doppler frequency ‘-

. spectrum of the signal. -

The radar volume reflectivity 17 is related to Ci b)’4

2 13 .
CS oo ) 10.38) A -
n

\ where A is the radar wavelength, The scattering is assumed to arise from homo- ‘-
T geneous isotropic turbulence that fills the entire scattering volume. The reflectivity 4
3 is reluted to the measured signal to noise ratio, SNR, by5 .
noe R, 3_; (SNR) R
:3 ' .
; . where RC is the radar calibration constant, r is the radar slant range, and Ar is -

the range gate resolution. The radar azimuth and elevation angles were aligned as

close as possible with the radiosonde path, but not so close as to cause interference.

LI

S In these experiments, the radar had a height resolution of about 1 km with each

profile being evaluated approximately every minute. Data below 5 km were eliminated

19, P ereTe o

e 50 a3 to eliminate large ground clutter noise and to avoid high sensitivity to water

- vapor, Dats above 18 km were not reliable due to the small SNR in this region.

Y

2.3 Stellar Scintillometer

T'he stellar scintillometer is a 36-cm Schmidt-Cassegrain telescope that focuses

meuasured at three different spatial wavelengths between 5 and 15 em. These spatial

« 3,0 -‘U'V-'l';

-
q starlight into an attached instrument assembly. The scintillation intensity is

ood, R.E., Watkins, B.J., Quesada, A.F., 2Br‘own, J.H., and Loriot, G. B.
(1982} Radar und optical measurements of (,n.AEEl. Opt. , 3&:3343-33/6.

.‘ . 4. Ottersten, H.H, (1969} Radar backscattering from the turbulent ¢lear atmos-
phere, Radio Science, “‘}\:'125 1-1255,

Balslev, B. HB., and Gage, K.5. (19800 The MST radar technique potential for
middle atmospheric studies, Pure Appl. Geophys., 118:452.
AN

-y ..
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.‘:‘ wavelengths are linearly combined to form seven composite path6 - weighting

e functions to provide seven different altitude regions of the turbulence measure-

t ments, Halfwidths of the weighting functions increase from 1.4 km at 2.25 km
::: altitude to 6, 0 km at 18 km altitude. Ci is calculated from the normalized stellar .
::: irradiance variance detected through the spatial filter,

.
::-: 0% where 02 = % [In (T, + 1Y - 1o (T, + 1, )]2 %1/2 -
If lf 1 1 2 72

‘-: and Tl and I|1 are th'e mean and fluctuating part of the signal passed by the filter - *
.-'_‘_'. reticle and T2 and 12 are the mean and fluctuating part of the signal reflected by the .
" filter reticle, 5
F.- 3.4 Aircraft Measurements

_-‘jj Airborne Research Associates (ARA), under contract to AFGL., equipped an

.:-:' aircraft with 4.5 um diameter heated tungsten wires. These were mounted on a

:‘ wingtip, one above the other with a separation of 0.85 m. \Wheatstone bridge Y
® measurements of the voltage difference between the two wires were recorded along "

’

. . { - o3
with simultaneous measurements of air temperature, pressure, humidity, and

S5
RS

airspeed. C.Zr was calculated from:

a§

a
L2 I
.
| ORI W R WL W

P
[\

e 1

»
~
1

bar, 0% - 5% 1 a?/3

T ! ms

~
aX

:. where N is the noise level with contributions from the bridge and from velocity fluc- :4
< )
N tuations. The noise level was estimated by measuring the bridge voltage under rela- ;<
‘-': tively quiet signal conditions. Additionally, the contribution due to velocity fluctua- .':
[ - P
r.r tions was sensed by a single hot wire and a constant temperature anemometer bridge. 4
Cr21 was then calculated from C,2r in the same manner as for the thermosonde. N
X8 .
) .
e N
(' 1
X 4. RAWINSONDE RESULTS .
1
o N
. -
'. 4.1 Temperature and Humidity
i ;
,p: Ambient temperature was measured by a thermistor rod mounted on a plastic -
::: outrigger attached to the radiosonde. Relative huinidity was measured by a carbon s ;:
'f‘ «
< _ v
,:- 6. Ochs, G.R., Wang, T., Lawrence, R.S., Clifford, S.F. (1976) Refractive- N
® turbulence profiles measured by one-dimensional spatial filtering of scin- - )
s tillations, Appl. Opt., 15:2564-2510. 5
- 7. Fairall, C.W., and Markson, R, (1979 Aircraft Measurements of Micro-
b AMeteorological Parameters at Panama City, Florida in 1978, Naval N
- Postgraduate School Technical report. .
- K
:. :
e 12 '
2 :
e :
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o hygristor mounted in a flow duct inside the radiosonde. These measurements were

__ sampled every 2 sec or about every 10 m. Figures 1-19 are profiles of temperuature

. __‘;. and relative humidity for 19 flights. Since the hygristor is insensitive to relative

.:/ humidity below 20 percent, the relative humidity plots are cut off at 10 km where

:.::: this condition normally prevails.
] 4.2 Wind Speed and Direction

::::'. A technique based upon radio signal phase shift was used to measure the balloon's

?\“:: position as a function of time. Derivatives of the position are evaluated to estimate

',_:', wind speed and direction, Figures 20-36 are profiles of the wind speed and direc- '
- tion of 17 flights. Outlier points were removed and the raw data smoothed and '
_“v_’ filtered by a low pass filter who_s_ez_cutoff was about 0. 03 Hz.

:-.._ Mean square wind speeds, W~, are evaluated for these flights for use in the

::_:" Hufnage18 Ci model. Values of W™ are listed in Table 1, ‘
& :

4.3 Thermosonde an Profiles - Hufnagel Comparisons

1

.: Weighted 500-m log-averaged of the 10 m samples of thermosonde Crz1 data are
:':.‘ plotted in Figures 37-50. The weighted average is calculated from
::: n
- Ci (z) = % log ! % i=21 log (.‘ii
_\’.: where N is the total number of points over Az= 500 m, and n is the number of points :
~:__- above the thermosonde noise limit of 0. 002° C. The noise limit is reached in regions
E‘_ of very low turbulence. A logarithmic average is performed since Cr21 is represented
. ' by a log-normal distribution. The mean, multiplied by or divided by one standard
_.; deviation, is shown on either side of the mean. The curves are broken and replaced
:-" by circles where radio loss of signal occurs and/or where the number of data points,
:‘_: n, were small. Actual instantaneous (.‘rz1 data are glotted for the first 500 m above !
:.z the surface since in this boundary layer region, Cn falls off rapidly with altitude and
; a 500 m average is not representative. Obviously, the profiles are space- and time- '

o

dependent; however, the trend curve is considered valid over the length of the

ale
o %o
e

a

experiment.

“
‘
a2 w'ala

. 2 . .
To estimate the C profile from rawinsonde meteorological data, l{ufnagel8

e developed a mean square wind speed dependent model. This simple empirical model -
6" . depends only on W%, the mean square wind speed over 5 km to 20 km. For altitudes
O of 3 km to 24 km the model is given as,
P :::. :
::‘-' 8. Hufnagel, R.LE. (1974) Variations of atmospheric turbulence, The Infrared
N Handbook, USGPQO, Washington, D. (., Chapter 6, pp 1-56. .
- :
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Zz
C2(Hup = 2.7 x 10716 { 32 e’ (TZU) P (‘_5) }
\Values of\Tz are listed in Table 1. In three cases, QX45, QX35, and QX43, wind
data are not obtained up to 20 km; nevertheless, F calculated to the maximum
altitude is presented for comparison. Profiles calculated with the Hufnagel model
are depicted in Figures 37-50 as solid dark lines. In most cases, order-of-

magnitude agreement is found between the thermosonde Crz1 profiles and the model.

The trends are similar but, of course, the model as given above does not show

e N

turbulent layering structure, and it cannot be expected to match actual turbulence,

L)

.

which depends on the Richardson number and not on the wind speed alone. lurther

I

.
"
)}

studies are being performed to compare the thermosonde data with a V'an Zandt9

model, which does depend on Richardson number.

4.4 Averaged Thermosonde an Profile

The Ci data for the 10 day and 9 night flights results in the 500 m log-average
profile shown in Figures 51 and 52. A comparison of the two profiles clearly shows
a larger Ci in the daytime, as seen in I'igure 53. Starting near 5 km, the difference
increases to a maximum value near 20 km where the difference is four times the
nighttime erl Above 20 km, the difference decreases, finally ending above 34 km
altitude, A careful analysis of the microthermal probes (see Appendix A) indicates
the diurnal difference cannot be attributed to solar heating of the probes.

An exponential quadratic model may be used to fit the average data. The model

takes the form:
log Ci =A+ Bz + (.‘22.

Ior 2 2 3.5 km, the fitted constants are:

10-Dav-flights 9-Night-flights
Averaged Averaged
A -17.279 -16, 953
B + 0,0852 - 0.0251
C - 0,0045 - 0.0016

9. \Van Zandt, T.LE., Gage, k.5., and WWarnock, J. DM, (1981 An Improved Model
for the Calculation of Profiles of C§ and ¢ in the Free Atmosphere I'rom
Background Profiles of Wind, Temperature and Humidity, 20th Conference
Radar Meteor. Soc., Boston, Amer. Jet. Soc,, pp 1209-135,
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:. For summer davtime conditions at the experiment coordinates, the model sug-
. " . ¢ 20 . -
- Joats dropott rates A3 ko= 10 d—l- log ¢ n) of -0.5 dB/km and -1, 3 B km ot 5 km
L . . L. . o
p. - ad 30 ki respectivelyv, Nighttime conditions give -0.4 dB km and -1, 2 dB 'kan at
K. 2
Soamoand 30 ke respe ctively, The davtime ('; values dre higher than the night values
o and it s assnmed the Daster davtime decrease of (‘n with altitude would continue
T until the dov ond night values coineide. Thereafter, they would both decrease at the
. . L . . 2. . . ‘
o nioht rates 00t is assuredd that ¢ r 18 constant with ultitude, then the dB/km de-
-
.~ crease can beinterpreted s an atmospheric scale height (H) using the relationship
H &, B
T s
-'.‘
)
e [he observed -1, 2 dB/km at 30 km during the night is nearly identical to the standard
. atmosphere pressure scale height of 6.7 km (-1, 20 dB/km),
.
-
N 4.5 Coherence Scales
- : - 2 . 10
- For those flights where thermosonde ¢ p Cxists, the transverse coherence length
. v and isoplanatic angle 8 were calculated.  The coherence length is
‘." ) 7 O
e A 3 { 2 -39
LN v, Lk k™ f (n(z)dz (m),
z
«)
and the isoplinatic angle is
ly s
2 Lo s
Hoo- 0,52 K™ f T de (rad) ,
(5} n
P
O

where the wave number kK is 2174, z is the observer altitude and z, is the maximum

altitude.  Results of these calculations are shown in Table 1, Measfurements of Ci
at 8-12 m intervals were logarithmically interpolated to 10 m intervals and data in
the noise were set to Cy tnoise) = 0,002°,

I'or those flights having data at least to 16 km, the total log-average of the iso-

planuatic angle 90 is calculated for day and night conditions. The coherence length r,

could be calculated including the two low altitude flights. The averaged values are,

> T, = 6.7 L2em Dav
'_‘:" 9; = 2,4 :0.5 purad
:-:. l‘—(): 7.6 : 2.4 em Night
8 = 5.1: I.1 urad
.- © 11
- where the errors are + 1 standard deviation. As expected, daytime conditions pro-
:,: vide smuller values of the coherence length and thus harsher conditions with which
":-' a particular optical system must contend.
)
.‘.' - 10, Fried, D.IL., (1966) Optical resolution through a randomly inhomogeneous medium
-~ for ~ery long and very short exposures, J, Opt. Soc. Am., 56:1372-1379.
- ‘ ! vAAA~
o

1. Walters, DO, Favier, D.1.,, and Hines, J. R. (1979 Vertical path measure-
ments MTE measurements, J. Opt. Soc, Am., ©9:828-837.
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Figure 1.
Temperature and Relative Humidity
Profiles - Flight QX00021.
Launched at 18507 on 23 Mar 1983. 1
Humidity data are truncated above -
approximately 10 km

Figure 2. Radiosonde Ambient
Temperature and Relavity Humidity
Profiles - Flight QX0024,

Launched at 1749Z on 15 May 1983.
Humidity data are truncated above
approximately 10 km
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Figure 7. Radiosonde Ambient
Temperature and Relative Humidity
Profiles - Flight QX0045,

Launched at 0116Z on 12 July 1983.
Humidity data are truncated above
approximately 10 km
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Temperature and Relative Humidity
Profiles - Flight QX0019,

Launched at 02352 on 24 July 1983,
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approximately 10 km

Figure 12. Radiosonde Ambient
Temperature and Relative Humidity
Profiles - Flight QX0038,

Launched at 2044Z on 25 July 1983.
Humidity data are truncated above
approximately 10 km
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Figure 27. Winds Aloft
Profile - IFlight QX0012.
Launched at 2045Z on
23 July 1983

Figure 28, Winds Aloft
Profile - Flight QX0019.
Launched at 0235Z on
24 Julv 1983
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< ;’J Profile - Flight QX0043,
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Figure 32. Winds Aloft
Profile - Flight QX0011,
Launched at 0113Z on
30 July 1983
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Figure 33. Winds Aloft
Profile - Flight QX0034,
Launched at 2016Z on
15-0 30 July 1983
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Figure 35. Winds Aloft
Profile - Flight QX0040.
Launched at 0331Z on

7 Aug 1983

Figure 36, Winds Aloft
Profile -~ Flight QX0031.
LLaunched at 0550Z on

8 Aug 1983
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L Table 1. Balloon Flight Parameters

Sl

_ Max.

P ;;'2' r 0 Max. Wind | Day/
";' Launch | (UT) Flight 9 - o o Alt. Alt | Night
o Date Time ID (m©sec ©)| (cm) (1 rad) (km) (km)

o
y 23 Mar | 1850 | QX21 - 6.7 | 2.6 27.6 - D
15 May | 1800 | QX24 389. 5.0 | 2.2 29.6 | 26.6 D

e 21 May | 1730 | QX09 - - - 32.9 | 32.4 D
.:\c'

SN 30 Jun | 2237 QX50 163. 8.2 3.1 24,9 25.8 D
N 1Jul | 0210 | Qxot - - - 27.6 - N
{ i 11 Jul | 2033 | QXo08 - - - 3.4 4.0 D
iy 12 Jul | 0116 | QX45 1250, - 5.4 | 3.2 19.5 8.0 N
- 16 Jul | 0229 | Qxo7 - - - 21.0 | 22.6 N
.., 23 Jul | 0137 | QX36 1249, 10.3 | 6.7 28.4 | 28.7 N
e 23 Jul | 2045 | Qx12 415. 7.6 | 2.6 31.9 | 32.5 D
o 24 Jul | 0236 | QX19 - - - 19.1 | 16.5 N
N 25 Jul | 2044 | QX38 484. 5.4 | 2.1 34.5 | 33.1 D
' 28 Jul | 2042 | QX35 619, * 7.4 - 7.4 7.3 D
29 Jul | 2141 | QX43 1805, * 7.5 - 10. 1 10. 3 D
M 30 Jul | 0113 | QX11 1256. 7.8 | 3.8 24.4 | 23.9 N
:{'.'_- 30 Jul 2016 QX34 472, 5.0 1.6 30.0 31.1 D
) 31 Jul | 0128 | Qx20 469, 10.7 | 5.7 31,0 | 31.0 N
- 7 Aug | 0331 | QX40 179. 5.5 | 4.5 22.9 | 22.2 N
M\ 8 Aug | 0549 QX 31 158, 6.1 4.7 23.8 25.8 h

B
rY A . . . o
Rl N° = mean square wind speed from & to 20 km (or maximum altitude
ey
-\.';ﬂ r = coherence length
‘\J‘: ° )
__-'.‘ 90 = isoplanatic angle
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Figure 37. Log-Average Ci
Thermosonde Profiles and = the
Hufnagel Model - Flight QX0021.
Launched at 1850Z on 23 Mar 1983.
Thermosonde values were
averaged every 500 m, and curves
showing the mean multiplied by,
and divided by, 1 sigma values

are shown on either side of the
mean

Figure 38. Log-Average C2
Thermosonde Profiles and ™ the
Hufnagel Model - Flight QX0024.
Launched at 1749Z on 15 May 1983.
Thermosonde values were
averaged every 500 m, and curves
showing the mean multiplied by,
and divided by, 1 sigma values
are shown on either side of the
mean, The thick line shows the C
values from the Hufnagel model
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Figure 39. Log-Average Cﬁ
Thermosonde Profiles and "the
Hufnagel Model - Flight QX0050,
ILLaunched at 22382 on 30 June 1983.
Thermosonde values were
averaged every 500 m, and curves
showing the mean multiplied by,
and divided by, 1 sigma values
are shown on either side of the
mean. The thick line shows the C
values from the Hufnagel model

Figure 40. Log-Average C2
Thermosonde Profiles and “the
Hufnagel Model - Flight QX0045.
Launched at 0116Z on 12 July 1983.
Thermonsonde values were
averaged every 500 m, and curves
showing the mean multiplied by,
and divided by, 1 sigma values
are shown on either side of the
mean. The thick line shows the C
values from the Hufnagel model
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Figure 41. lLog-Average CE
5 ] Thermosonde Profiles and = the
~T T Hufnagel Model - Flight QX0036.
Launched at 0137Z on 23 July 1883.
s Thermosonde values were
< . 1 averaged every 500 m, and curves
-1 showing the mean multiplied by,
o and divided by, 1 sigma values
< are shown on either side of the
. | mean. The thick line shows the C
=T ] values from the Hufnagel model
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Figure 42. Log-Average Crz1
2t 4 Thermosonde Profiles and * the
o~ Hufnagel Model - Flight QX0012,
~ Launched at 2045Z on 23 July 1983,
bt Thermosonde values were
= ] . averaged every 500 m, and curves
— -1 { showing the mean multiplied by,
2 and divided by, 1 sigma values

are shown on either side of the
ol 4 mean. The thick line shows the C
- values from the Hufnagel model
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Figure 43. Log-Average C:
Thermosonde Profiles and ~ the

[ Hufnagel Model - Flight QX0038.
Launched at 2044Z on 25 July 1983.
Thermosonde values were
averaged every 500 m, and curves
showing the mean multiplied by,
and divided by, 1 sigma values
are shown on either side of the

+ mean. The thick line shows the C
1 values from the Hufnagel model
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SN S } averaged every 500 m, and curves
e - showing the mean multiplied by,
O < and divided by, 1 sigma values
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® _ng- ] mean. The thick line shows the C
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Figure 45. Log-Average C2
Thermosonde Profiles and "the
Hufnagel Model - Flight QX0043.
Launched at 2141Z on 29 July 1983.
Thermosonde values were
averaged every 500 m, and curves
showing the mean multiplied by,
and divided by, 1 sigma values

are shown on either side of the 2
mean, The thick line shows the C
values from the Hufnagel model

Figure 46. Log-Average C2
Thermosonde Profiles and ™ the
Hufnagel Model - Flight QX0011,
Launched at 0113Z on 30 July 1983.
Thermosonde values were
averaged every 500 m, and curves
showing the mean multiplied by,
and divided by, 1 sigma values

are shown on either side of the 2
mean. The thick line shows the C
values from the Hufnagel model n
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ASLN Figure 47. l.og-Average C
TS St + Thermosonde Profiles and ™ the
Hufnagel Model - Flight QX0034.
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Figure 48. Log-Average Clz1
Thermosonde Profiles and = the
Hufnagel Model ~ Flight QX0020,

£ Launched at 0128Z on 31 July 1983.
SN x Thermosonde values were
aH averaged every 500 m, and curves
S " showing the mean multiplied by,
o < and divided by, 1 sigma values
X are shown on either side of the
o mean. The thick line shows the C
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.o of Thermosonde Profiles and — the :
- &1 1 Hufnagel Model - Flight QX0040.

- : Launched at 0331Z on 7 Aug 1983.
~ £ Thermosonde values were
\ SN 1 averaged every 500 m, and curves

o - showing the mean multiplied by, K

o 2 and divided by, 1 sigma values
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Thermosonde Profiles and * the .
- Hufnagel Model - Flight QX0031.
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p 4

P < averaged every 500 m, and curves X

o — showing the mean multiplied by, F
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5. THERMOSONDE - RADAR COMPARISON

P

For those flights where radar (;‘rz1 data exists, composite radar Crz1 profiles were

constructed by assembling the data in 500-m bins. It was desired to compare the

)

) LIPA TN
Al

D I

radar data with the 500-m log averaged thermosonde data as closely as possible in

P i}

o time and space. Since the log-average thermosonde data is centered at known times
and altitudes, radar data could be placed into altitude bins corresponding to the
"\: balloon time + 250 sec and altitude + 250 m. This being done, the data in each bin
:-_.\ were log-averaged and resulted in those profiles shown in Figures 54-61. Since each

o individual raw radar profile was provided for each minute of flight, the points on

LS

L the graphs are log-averages of about 9 radar Ci values. However, due to changes
e~ in the balloon ascent rate and other factors, the actual number of points varies
--" between 5 and 12.
Considering the difference in resolution between the two data sets and the re-
~e
AN maining separation in horizontal position between the measurements, the agreement
g is good. l'igure 62 shows plots of the mean differences between the radar and
v thermosonde turbulence for six combined flights. Generally, on average, the radar
' measures larger Cr21 by about 1. 2 to 2, 0 times the thermosonde (Jﬁ.
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-‘- 6. THERMOSONDE - RADAR - SCINTILLOMETER COMPARISON

-3

_:' On the evening of 30 July 1981, the thermosonde (QX0020), radar, and scin-
'.4- tillometer operated together successfully. Results of their Ci measurements are
Ix shown in Figure 63. The thermosonde profile, shown by the thin line, starts

_::..: 0.5 km above the surface and ends at 30 km. This is a 500-m weighted log-average
:-:.:- of the data. The radar profile, shown by asterisks, is a time/altitude weighted

:..:'__: log-average composite of the data. It tends to match radar time and altitude with

the balloon trajectory, though not in the horizontal plane. The scintillometer

" profile, shown by the thick line, was observed at 0208 h UT when the balloon was

::. at 12.5 km. Over a 1-h time period, the maximum excursion of the scintillometer

) (,'[21 data at any one altitude was approximately 1 order of magnitude. 3 The trend

- line of the thermosonde profile coarsely agrees with this one scintillometer profile,
but until additional comparisons are made only the suggestion of agreement is
postulated. More extensive thermosonde/scintillometer comparisons were conducted

o in March 1983 in Boulder, Colorado. These will be reported in a future report.
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7. THERMOSONDE - AIRCRAFT COMPARISON

« g
L
. .
[ P

N

.-,\_ Hot wire anemometer Cr21 experiments were conducted from the ARA airplane

‘. on 11 July 1981 and 16 July 1981. Thermosonde and airplane experiments were con-
::-': ducted together successfully on the night of 11 July. The thermosonde launch was at
.:}:_ 0115 h UT while the aircraft took measurements from 0133 to 0247 h UT. Measure-
.;E: ments were taken during ascent to 8.5 km and then during descent to 0.5 km. The
A resulting profiles are compared to the thermosonde measurements in Figures 64-67.

..—.r Two separate bridge circuits measured aircraft Cr21 data independently. Bridge No. 1

measured Ci values about 2 to 4 times that of the thermosonde except for the lowest

AR

P

altitude descent data. Bridge No. 2 was high by an order of magnitude and was not

W

correctly calibrated. Further evidence of aircraft measurement error was seen in

kY
v
.

comparative measurements of 27 Dec 1983 and 30 Dec 1983 where the aircraft showed

L ]

1 to 2 orders of magnitude higher (,‘i. Clearly, the ARA aircraft measurements pro-

gl

duce gross error. This technique is not recommended for future programs unless

"% .
v
AL

%

more study produces better information on the sources of the error.
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A Appendix A 3
‘-:f Solar Heating Effects on Probe Wire
L4 .
:.; To determine the extent of possible thermosonde measurement error due to - 4
- solar heating of the probe wires, the following heat transfer analysis is suggested. -
'- External solar heating of the wire is seen to occur by direct solar radiative heating, .
." -
"y ESD' by solar radiative reflection of the atmosphere, ESR‘ and by long wave radia- K
tion from the earth, ELE' Probe cooling is seen to occur by long wave radiation
' from the wire ELW’ and by convective cooling, Ec' .
' Estimates of the heat transport are obtained from the following: -
f "
E _ Se T As -
» Sbh F D
::‘ where :
.-:: f = estimate of fraction of solar radiation reaching a given altitude
’.*' f = 0.5 at surface
=3 f = 0.9 at 30 km
,-:. S = solar constant = 0. 14 W cm 2 3
- N A = surface area of wire 27 RL '
:“: €Er - estimate of wire absorbitivity for visible wavelength ~ 0. 4 '
;—3 , F“ = form factor for direct radiation = 7
:-:‘ o . fSe T otAS
a SR FR
' -
. 55
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‘0
.::- where
t a = estimate of fraction of reflected radiation = 0. 35
A
. Fi = form factor for reflected radiation = 2.0
S50
:-,': E - be ‘Lw As
- LE R
-
where
'-:1' Se = estimate of heat flux from earth at a given altitude

- S =~ 0.066 W cm 2 at surface

- S, = 0.022W cm”? at 30 km
-r‘- €Lw estimate of wire emissivity for long wave radiation = 0. 03
- E =¢ A 0T e A oT iaarTd]

° LW LW s s LW “'s e e

-’. where

Stephan-Boltzman constant = 5, 67 X 1002w em™2k™4

SR

{ s = wire temperature, K
::. Te = air temperature, K = 300 K at surface and 225 K at 30 km
\'.., AT = (T54 - Te)
T = [T +4AT T for AT << T
s e e e
- E_=JA_hAT
p c s
Q.‘
3%
&)
.-: where
"1
»._ J = mechanical equivalent of heat = 4. 18 W/cal/s
::‘ h = estimate of convective heat transfer coefficient
e
W h = 0.12 cal cm” > sec L K™} at surface
. -2 -1.-1
N h ~ 0,031 calcm “"sec K " at30km.
s
_.:: Now since, ESD + ESR + ELE = ELW + EC and combining terms,
- 56
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SN

a‘..f\
:::‘;: AT = -1 YiSe. (o +-2 )4 (i‘—-aT‘*)'
- Jh T Fj FR LW FR e ;

for daytime conditions,

AT

0. 03 deg at surface

0.19 deg at 30 km

for nighttime conditions, the solar radiative term vanishes, and

AT =0,

The conclusions are of course that we need not be concerned with nighttime
heating., Daytime solar heating will not raise the wire temperature more than
0. 03 deg and 0. 2 deg above ambient conditions at the surface and 30 km respectively.
Since this is a dc effect upon both wires, the ac bridge will remove the gross im-
balance, if any. Small velocity fluctuations in the air flow over the wires can cause
small variations in the heat transfer coefficient, especially at the surface. A large
fluctuation in windspeed, say 10 percent, can cause at most a 10 percent change in
the heat transfer coefficient. This will produce, at most, an ac temperature fluc-
tuation of 0. 003° C, an undetectable fluctuation. The velocity effect on the heat

transfer coefficient falls off rapidly with altitude. At 10 km, a 10 percent velocity

&

fluctuation can cause very little temperature fluctuation. At 30 km, no change in the

l"
N
[}

.
Y".

heat transfer coefficient will be caused by forced convection and hence no detectable

)
e St
1

AN
3

temperature fluctuation will be produced.
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